Abstract
from virulent T. annulata and T. lestoquardi, respectively. The survey indicates 48 extensive exposure to ticks and transmission of infection that has a significant economic impact. The higher prevalence of T. lestoquardi as mixed rather than single
Introduction

53
Theileriosis is a complex parasitic disease of domestic ruminants caused by protozoan 54 parasites of the genus Theileria and occurs primarily, but not exclusively, in tropical 55 and subtropical regions (Heidarpour et al., 2009 ). The genus Theileria comprises more 2.3. RLB hybridization assay for the detection of Theileria/Babesia species in 126 collected samples 127 RLB hybridization of the 18S amplicon was performed as previously described 128 (Gubbels et al., 1999; Schnittger et al. 2004 ) with the following modification. For the 129 amplification of the V4 hypervariable region of the 18S Ribosomal RNA (rRNA) gene oligonucleotides were diluted to previously optimized concentrations ranging from 50 148 to 300 pmol in 150 μl 500 mM NaHCO3 (pH; 8.4). Probes were covalently linked to 149 the Biodyne-C membrane as described by Schnittger et al. (2004) . For hybridisation, washed and signal developed as described (Schnittger et al. 2004) . Each membrane 155 was reused up to 12 times. 
Sequence and phylogenetic analysis of T. lestoquardi 18S rRNA gene
157
A total of 11 randomly samples of T. lestoquardi from Ash-Sharqiyah and Ad-158 Dhahira were selected for sequence analysis of the 18S rRNA gene. PCR 159 amplification, cloning and sequencing were carried out as described previously 160 (George et al., 2015) . Alignment and analysis of the 18S rRNA sequences was 161 performed using BioEdit version 7.2.5 software (Hall, 1999) Hoogstraal (1956) and Walker et al., (2003 (Fig 1) . 
212
The agreement between RLB and PCR-RFLP for detection of Theileria spp. was 213 found to be high (95%). Out of 1090 samples examined by both methods, 905 (83.0%)
214
were negative for both tests while 134 (12.3%) were positive for both tests (Table 2) .
215
For species identification, the agreement between the two tests was 91.9 %. RLB 216 detected infection rates of 1.1%, 7.3%, 0.6% and 7.2% and PCR-RFLP revealed 3.4%, (Table 2 ). However, RLB detected significantly (P < 0.001) higher prevalence of 
Mixed species infection 225
Mixed species infection was common among small ruminants surveyed, particularly (Table 1) . 
Host related risk factors associated with Theileria infection
232
A total of six bovine, four ovine and four caprine breeds were examined in the survey. (Table 3) .
241
This study examined 97 males versus 496 female sheep, 114 males versus 867 female 242 goats and 61 males versus 250 female cattle. An odds ratio of more than one was 243 reported for male hosts in ovine, caprine and bovine (1.56, 1.88 and 1.27 respectively); 244 however, these ratios were not significantly different (p = 0.105, p = 0.27 and p = 0.52 245 respectively) compared to female animals (Table 3 ).
There was no statistically significant difference in the prevalence of Theileria spp.
247
infection between different age groups of ovine, caprine and bovine hosts. However, 248 in bovines an infection pattern was observed, as the prevalence of Theileria positives 249 increased with age. The infection prevalence starts high in calves (<1 yr) and increased 250 until the second year of age, after which a slight decrease was observed. Then from the 251 third year and onward the prevalence of infection again increased with age (Table 3) . The maximum-likelihood phylogenetic tree showed that T. lestoquardi in Oman falls 257 into the same clade as T. lestoquardi from other countries in the region (Iraq and Iran). (Fig 2) . Aydin et al., 2015 Aydin et al., , 2013 (Zaeemi et al., 2011; Jalali et al., 2014) , in the Sudan, where 7.8% of infected sheep 310 carried mixed infection of T. annulata and T. lestoquardi (Taha et al., 2013) 
and in
311
Turkey (Aktas and Ozubek, 2015) . Moreover, antibodies against T. annulata have 312 been detected in sera of naturally infected sheep (Salih et al., 2003 (Brown et al., 1998) . Additionally, it has been reported that T. annulata mixed infection of these two species were detected at a lower prevalence of 6.6% than 325 single species infections (Rashidi and Razmi, 2013) . Mixed species infection is a 326 common feature of protozoan and rickettsial pathogens in nature, including, Theileria (Rashidi and Razmi, 2013) , Babesia (Aktas and Ozubek, 2015) , Plasmodium (Cantas 328 et al., 2013) , Trypanosoma (Gillingwater et al., 2010) and Anaplasma (Aktas et al., 329 2011; Aktas and Özübek, 2015 (Leemans et al., 1999) and T. annulata can protect against the major clinical 333 effects of T. lestoquardi infection (Leemans et al., 1999) . Moreover a recent study has 334 suggested that the pathological effect of T. parva is mitigated by the presence of less 335 pathogenic Theileria spp. resulting in substantial reduction in the risk of morbidity and 336 mortality due to co-infection by congeneric parasites (Woolhouse et al., 2015) . Theileria sp. China 1 (Altay et al., 2012; Nagore et al., 2004) . However, it has also 357 been suggested that Theileria sp. OT1 is not a pathogenic species, since it was found 358 in asymptomatic animals and does not alter red blood cell parameters (Nagore et al., 359 2004). Further work is required to establish any clinical impact of this species on 360 ovines in Oman.
361
The most common risk factors associated with Theileria spp. infection in Oman were 362 found to be host type (cattle, sheep or goats) and breed. Cattle and sheep were highly 363 susceptible to Theileria infection, while goats appeared to be less so, although regional 364 variation in goat infectivity was detected. The overall rate of infectivity among goats 365 was 2.7% comapred to 36.7% and 72.3% in sheep and cattle, respectively. This agrees 366 with the fidings of many studies in other regions Gebrekidan et al., 367 2014). For example, in Turkey the prevalence of Theileria spp. among goats (11.27 %) 368 was much lower than in sheep and cattle (58.79%) in the same area . This has been attributed to the nature of the skin of goats, which is more 370 resistant to tick attachment compared to sheep (Fatima et al., 2015) . It has also been 371 hypothesised that sporozoites of T. parva are not able to easily invade caprine 372 lymphocytes (Syfrig et al., 1998) , but whether this applies to T. annulata and the ovine 373 Theileria species is not known. Further studeis are needed to examine attributes of low 374 suscepotibility of goats in Oman to Theileria spp.
375
Exotic breeds of bovine and ovine are highly susceptible to Theileria spp. compared to 376 indigenous and cross breeds. Indigenous breeds are known to have a natural ability to 377 develop higher levels of resistance to tick borne diseases (TBDs) compared to cross 378 and exotic breeds (Gebrekidan et al., 2014; Salih et al., 2007) . This can lead to to exotic breeds in our study. These results are consistent with the findings of a study 382 in Sudan which reported that T. annulata infection was 70% lower among the local 383 breed (kenana) compared to the non-local (Friesian) (Bakheit and Latif, 2002) .
384
In summary, this study demonstrated a widespread distribution of Theileria spp. This data would be of benefit in formulation of a national control strategy for 390 theileriosis and other tick borne diseases of domestic animals in Oman.
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